Background/Aims: SOCS3 is tumor suppressor which has been identified as upstream of JAK/STAT3 signaling by specific kinase inhibition. However, additional regulations especially through a non-coding RNA approach were remained unknown. Methods: We performed casecontrol study focusing on the miRNAs associated SNPs in SOCS3 to investigate the further relationship of the SNPs with miRNAs among Chinese gastric cancer (GC) patients. Genotyping, real time PCR assay, cell transfection and the dual luciferase reporter assay were used in our study. Results: We found that patients suffering from Helicobacter pylori (H. pylori) infection indicating as susceptible population by comparing with controls. Besides, SNP rs115785973 in SOCS3 was identified as a risk factor in the occurrence of GC highly associated with poor differentiation grade, larger tumor size and metastasis. In vitro assay found that rs115785973 could be regulated by miR-4308 which caused an up-regulation of SOCS3 in patients with GA and AA genotype. Conclusion: Our findings have shown that the SNP rs115785973 in SOCS3 disrupting the regulatory role of miR-4308 in SOCS3 expression, rs115785973 in SOCS3 might act as a risk factor in the pathogenesis of GC.
Introduction
Gastric cancer (GC) is one of the most common malignancies and remains an important cause of mortality worldwide, especially in East Asia (e.g., China, Japan, and South Korea). About 42% of worldwide cases occur in China. Currently, gastric carcinoma prognosis is primarily determined based on the clinical data and pathologic stages of patients at the time of diagnosis and treatment [1] . The recent surgery, chemotherapeutic, immunologic, and radiation approaches have provided a significant improvement for the survival of patients with localized disease; however, successful management of patients with gastric carcinoma is still hampered by the lack of highly sensitive and specific biomarkers capable of predicting prognosis and likelihood of metastasis [2] [3] [4] . Etiological studies have suggested that environmental factors, including diet high in salted and nitrated foods, tobacco use, alcoholic consumptions as well as Helicobacter pylori (H. pylori) infection was highly associated with GC; However, only a fraction of people adopting exposed to the same environmental risk factors eventually developed gastric cancer, suggesting that genetic factors may also play a role in the etiology of the disease [5] [6] [7] .
SOCS family proteins form part of a classical negative feedback system that regulates cytokine signal transduction. SOCS3 is involved in negative regulation of cytokines that signal through the JAK/STAT pathway [6, 8] and could inhibit cytokine signal transduction by binding to tyrosine kinase receptors including gp130, LIF, erythropoietin, insulin, IL12, GCSF and leptin receptors. SOCS3 was also documented as a potential indicator for prediction the lymph node metastasis from GC [9] . Besides, low expression of SOCS1 and SOCS3 was considered as a poor prognostic indicator for gastric cancer patients [10] . Several studies indicated that SOCS3 could be regulated by special miRNA [11] . For example, miR-185 can directly target SOCS3 by binding to its 3'-untranslated region (UTR) thus lead to enhanced insulin secretion of pancreatic β-cells, promoted cell proliferation and protected cells from apoptosis [12] . And miR-19b suppressed the inflammatory response by inhibiting SOCS3 to modulate chemokine production in intestinal epithelial cells (IECs) and thereby prevents the pathogenesis of crohn disease [13] , but the shift regulation caused by polymorphism within 3'UTR of SOCS3 have never been touched.
Thus, in this study, we focused on the SNPs in the 3'UTR of SOCS3. By using the bioinformatics software (http://www.bioguo.org/miRNASNP/), we obtained all the SNPs which could regulate by miRNAs as candidate SNPs. Via the bioinformatics prediction, we found the rs115785973 was the potential SNP which might potential regulated by miR-4308 and we further investigated the allele distribution in a case-control study.
Materials and Methods
Study subjects A total of 722 GC cases from Nanjing Central Hospital and Municipal authorities Hospital as well as 693 sex-and age-matched controls were enrolled in this study. Patients were consecutively recruited between February 2010 and January 2015 at both Hospitals. The diagnosis of all patients was histological confirmed. A face-to-face questionnaire was administered to collect demographic data and environmental exposure information, including H. pylori infection tumor differentatation, tumor size and metastasis. All participants have provided their written informed consents to participate in this study. The detailed information of patients has been presented in Table 1 . This study was approved by the institutional Review Board of Nanjing Children's Hospital and Municipal authorities Hospital.
Allele distribution detection
The polymorphism was genotyped through the probe based polymerase chain reaction (PCR) detection as described previously [14] . The PCR reactions were carried out in a total volume of 5 μL containing TaqMan Universal Master Mix, 80X SNP Genotyping AssayMix, Dnase-free water and 10 ng genomic DNA. The PCR conditions were 2 min at 50°C, 10 min at 95°C, followed by 40 cycles at 95°C for 15 sec and 60°C for 1 min. The 384-well ABI 7900HT Real Time PCR System. A 10% random sample was reciprocally examined by different persons, and the reproducibility was 100%.
Real time PCR assay
Real time polymerase chain reaction (PCR) was performed to determine whether the G to A mutation changed the expression level of SOCS3. Total RNA was obtained from tissues using TRIzol reagent as described by the manufacturer (Invitrogen Life Technologies Co, CA, USA) and was qualified with the 260/280nm absorbance ratio (1.8 -2.0). For mRNA detection, total RNAs (500 ng) were reversed transcribed using 
Prediction of miRNAs binding to the SNP
Based on our bioinformatics analysis by using the bioinformatics software (http://www.bioguo.org/ miRNASNP/)to predict the related SNPs in the 3'UTR of SOCS3 which could interact with miRNAs.
Construction of luciferase-based reporter plasmids
A full length fragment of the 3'UTR containing either G or A allele of rs115785973 was amplified. The PCR production was cloned into the pGL3-promoterless luciferase-based plasmid (Promega) at the cloning site between KpnI and XhoI. The amplified fragment was verified by DNA sequencing.
Dual-luciferase reporter assay
For luciferase activity analysis, SGC-7901 and MKN-45 cells were co-transfected with 100 ng of luciferase reporter constructs 5ng of the β-gal control plasmid and 10 pmol of miRNAs with 1 µl lipofectamine 2000 according to the manufacturer's instructions (Invitrogen, NY, USA). After incubation for 48h, we carried out the luciferase assay using the luciferase reporter assay system (Promega, Madison, WI) according to the manufacturer's protocol. Measurements of luminescence and absorbance of β-gal were performed on a luminometer (Glomax 20/20; Promega). Three independent experiments were performed in triplicate.
Statistical analysis
Differences between cases and controls were evaluated by the Student's t-test for continuous variables and the x 2 test for categorical variables. The association between SNPs and GC risk was estimated by the OR and 95% confidence interval (CI) using the general genetic model. The potential gene-environment interaction was evaluated by logistic regression analysis and tested by comparing changes in deviance between the models of main effects with or without the interaction term.. Comparisons between groups were analyzed by the t test (two-sided). All statistical analyses were performed using Statistical Package for Social Sciences software.
Results
The differences in the distribution of the selected variables among GC cases and controls are shown on Table 1 . No significant differences of age (P = 0.3882) and sex (P = 0.4525) were found between the case and the control group. There were more patients who had H. pylori infection in the cases than in the controls (P = 0.0007).
In order to investigate the miRNA associated SNPs in the 3'UTR of SOCS3, we first found all the SNPs from the SNP databases NCBI db SNP BUILED 129 and ENSEMBL v58 in the 3'-UTR of SOCS3 gene with the minor allele frequency(MAF)>0.05. We then used bioinformatics software Diana-Micro and RNA hybrid to predict miRNAs that can bind to the SOCS3 3'-UTR. The miRNA SNP database was also applied to explore the miRNAs which could also bind to the 3'-UTR of patients harbored the SNP. As was shown in Table 2 , we obtained 3 SNPs in 3'UTR of SOCS3 which could be regulated by different miRNAs. The positions of the SNPs in 3'UTR of SOCS3 as well as the variants were listed. Further genotyping was performed to detect the distribution of allele gene of the SNP in our research which is rs115785973 which can be potentially regulated by miR-4308. The results showed that the genotypes of rs115785973 were in Hardy-Weinberg equilibrium distribution pattern in the healthy control group (P < 0.0001).
Logistic regression analyses indicated that individuals with the GA and AA genotype of rs115785973 in 3'-UTR of SOCS3 was significantly associated with GC risk (P < 0.0001). Moreover, the significant association with GC risk was shown in A carrier (P < 0.0001) (Table  3) . Besides, patients with allele A in 3'UTR of SOCS3 were significantly associated GC risk, especially AA genotype of in 3'UTR of SOCS3, (for AA: OR = 2.21, 95% CI = 1.27-1.79; for GA: OR = 1.87, 95% CI = 1.53-1.96; and for A carrier: OR = 2.03; 95% CI = 1.55-1.98). All ORs were adjusted for sex, age, and H. pylori infection.
Then, we conducted stratified analysis of the association of the rs115785973 and with the clinicopathological parameters of GC (Table 4) . We found a significant association of the rs113054794 genotypes with the tumor size, differentiation and metastasis. Compared with the CC homozygote, the carriers of A allele presented significant large tumor size, poor differentiation as well as the high potential of metastasis. Table 2 . Candidate SNPs in the 3'UTR of SOCS3. Chr = chromosome; UTR= Untranslated Regions Table 3 . Genotype frequencies of the SOCS3 at rs115785973 polymorphism among GC cases and controls. aThe ORs, 95%CIs and P value were calculated after adjusting for age, gender, parental H. pylori infection history and family cancer history Table 4 . Stratified analysis of genotypes of SOCS3 rs115785973 with clinicopathological parameters of GC. *Two-sided chi-square test for either genotype distributions or allele frequencies between cases and controls By using real-time PCR, we observed that there was significant difference in the SOCS3 expression levels of the patients carrying GG, GA and AA genotype (Fig. 1A) . The expression levels of the GA carriers and the AA carriers were significantly lower than those of GG (P < 0.01).
In order to investigate whether the rs115785973 polymorphism affects the predicted miRNAs (miR-4308) combining with the 3'-UTR conservative sites of SOCS3 mRNA, we performed the transient transfection in vitro and measured the relative activities with a Dual-Glo Luciferase Reporter Assay System; the detailed sequence was presented in Fig. 1B . As a result, co-transfection of the luciferase vector with the 3'UTR of SOCS3 containing the mutated allele A and miR-4308 into two cells significantly changed the luciferase expression level compared with the reporter plasmid containing the wild genotype (Fig. 1C, D) . Thus, we concluded that the polymorphism affected binding ability of miR-4308 with 3'UTR of SOCS3 mRNA and then affect the function of post-transcriptional regulation, resulting in the abnormal expression level of SOCS3.
Discussion
SOCS3 is a tumor suppressor which is involved in negative regulation of cytokines that signal through the JAK/STAT pathway. So far, there are many reports revealed that SOCS3 was down-regulated and acted as tumor suppressor in many tumors including liver cancer, colorectal cancer, breast cancer and cholangiocarcinoma [15, 16] . Ohara K showed that gastrointestinal epithelial cell-specific SOCS3 conditional knockout (T3b-SOCS3 cKO) mice developed gastric tumors by enhancing leptin production and the ObRb/signal transducer and activator of transcription 3 (STAT3) signaling pathway. These tumors displayed pathology and molecular alterations, such as an increase in MUC2 (Mucin 2, oligomeric mucus/gel-forming) and TFF3 (trefoil factor 3), resembling human intestinal-type gastric tumors [17] . In addition, low SOCS3 expression are poor prognostic indicators in human GC, and Deng et al. revealed that the SOCS3 was the best predicator of lymph node metastasis from GC identified with the nominal regression analysis [9, 10] . Therefore, SOCS3 might be considered as a potential indicator for prediction the lymph node metastasis from GC. All above finding indicated that SOCS3 was a suppressor in gastric cancer development and metastasis which was similar to our findings that gain SNP of 3'-UTR of SOCS3 by miR-4308 can suppress its expression, thus to increase incidence of tumorigenesis of gastric cancer.
MiRNAs can not only negatively regulate their target genes expression at the posttranscription level through binding to 3'-UTR of their targets message RNAs [18] [19] [20] , but also can regulate the 3'-UTR region who harboured the single-nucleotide polymorphisms [21, 22] . The SNPs of 3'-UTRs region of a certain gene can potentially regulate the impact of microRNA on post-transcriptional regulation and its potential relation to complex diseases. More and more studies have provided evidence that SNPs located in the miRNA (miRSNPs) binding sites through affecting the binding of miRNAs with the target genes resulted in decrease or increase in the target mRNA translation, and thus being associated with the susceptibility to cancers [23] [24] [25] . In present study, the predicted SNP of rs115785973 in 3'-UTR region of SOCS3 could affect the binding efficiency of miR-4308. Moreover, increased expression of SOCS3 were detected which might indicated that the decreased suppressive effect from miR-4308 and can served as another reason of increased SOCS3 in human GC.
In conclusion, our findings demonstrated that the SNP rs115785973 located in the 3'-UTR of SOCS3 was highly associated with tumor differentiation, tumor growth and metastasis. This SNP could also regulated by miR-4308 resulting in an abnormal SOCS3 expression, rs115785973 in SOCS3 might act as a risk factor in the pathogenesis of GC.
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